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Description 

(0001) This invention relates to a pharmaceutical composition, a process tor preparing such a composition end the 
use o! such a composition tor the treatment ot Parkinson s disease, the treatment ot depression and the treatment and/ 
or prophylaxis ot Alzheimer's disease. 

[0002] Seleoiline o - dimethyl-N-2-propynylphenethylamine) is known to be useful in the treatment ol Parkin. 

*on's cisease. The mechanism ol action ol selegiline has not been tully elucidated. However, seleoiline is'a poten\ 
irreversible inhibitor ot monoamine o>ioase. with a or eater affinity tor the type B form ol the enzyme. Monoamine 
o>icase is known to play an important role m the Oreakoown ol biological amines such as aopamine. noradrenaline 

>o and 5-hvOroxytryptamine (serotonin) in the Dram. It is thought that the inhibition ol monoamine oxidase type 6 (MAO-B) 
may lead to enhancement ol the effects ol copamine and phenylethylamine within the brain ol patients with Parkinson's 
disease, thus leading to improved control ol movement (see Gaal and Hermez. Chapter 4 in "Inhibitors ot Monoamine 
Oxicase E. Pharmacology and Clinical Use in Neurooegenerative Disorders", edited by I. Szelenyi, (1993). Birkhauser 
Verlac Basel. Switzerland, hereinafter relerred to as Szelenyi.) 

*t [0003] Selegiline's currently aammistereo orally in the torm ol a conventional tablet designed to be .swallowed whole 
or a measureo amount ol a conventional syrup designated to be swallowed rapidly. Accordingly, seleoiline administered 
in this way is absorbed from the gastrointestinal tract, that is. the stomach, the small intestine and the proximal large 
intestine (colon), into the hepatic ponal system and is presented to the liver before reaching the systemic circulation. 
The liver is known to be the principal site tor conversion ol active selegiline into metabolites, some ol whicr^ are un- 

70 wanted. Conseouentiy, this first pass of absorbed selegiline through the liver results in extensive metabolism of the 
druo and a significant proportion ot the absorbed oose ol intact selegiline never reaches the systemic circulation and 
hence to the brain. This phenomenon is known as the "first pass eMect" and results in a decrease in the bioavailability 
of seleoiline administered in this way (see Heinonen ei al. Clinical Pharmacology & Therapeutics. Vol. 56, No. 6, (1994), 
pp. 742-749)". 

*t |0004] Furthermore, it is known that selegiline is metabolised to produce N-desmethylselegiline, methamphetamine 
and amphetamine according to the following metabolic pathway:- 
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Althouah it has been suggested that N-desmethylselegiline may contribute to the desired inhibition of monoamine 
oxidases (see Heinonen et al (1993) in Chapter 10 of Szelenyi), methamphetamine and amphetamine exhibit no useful 

50 effect in Parkinson's disease. Indeed, since methamphetamine and amphetamine are both stimulants of the central, 
nervous system and of the heart, their presence produces unwanted side-effects such as inability to sleep and cardiac 
arrhythmias. "Io minimise the central nervous system stimulant effect, currently available dosage forms of selegiline 
must be administered by no later than mid-day so that the unwanted stimulating eflect will have subsided before the 
patient wishes to go to sleep at the end of the day. Clearly, this situation is far from satisfactory. 

55 (0005] Para-Huoroselegiline is an analogue of selegiline which is also a monoamine oxidase B inhibitor and exhibits 
very similar pharmacological activity to that of selegiline. 

(0006] Many other compounds, which are often not chemically related to selegiline, also have monoamine oxidase 
B-inhibitino properties, and a number of these have also been demonstrated to have utility tor the treatment of Parkin- 
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son's disease, the treatment ol depresMOj^fc^or the treatment snti/or prophylaxis ol Alrheimer|^^kease. Amonc 
such MAO-B inhibitors may be meniionec^^Remibe |N-(2-arninoethyl)-5-chloropyriaine-2 -csrbcWWide hyorochlo- 
nde); rasaoitine [2.3-dihydro-N-2-propyny1-1H-inaen- Vamine]; 2-EUMP |N-(2-butyl)-N-methylpr opargylamine; M-2-PF • 
|N-methyl-N-(2-pentyl)-proparcylamine] : MDL-72145 |beia-(fluoromelhylene)-3.4-Gimethoxy-ben2eneelhanamine]; 
and motepiline |(E)-4-fluoro-(}-(fluoromethyiene) benzene butanamine hydrochloride]. 

(0007) It would be highly desirable Irom a clinical point ol view to find a way ol administering such MAO*E inhibitors 
so that the bioavailability of the active mcr edient would be enhanced, and hence monoamine o> idase B inhibition woulc 
be ol more rapid onset and prolonged duration. , 

[0006] According to the present invention there is therefore provided a pharmaceutical composition lor oral aomin- 
ro istration comprising a carrier, and. as an active ingredient, a monoamine oxidase E inhibitor characterised in that the 
composition is in a solid last-dispersing oosage torm designed rapidly to release the active ingredient in the oral cavity 
so as to promote pre-gastric absorption ot the active ingredient. 

|0009] The term "pre-gastric absorption' is used to refer to absorption of the active mcreaieni from that pan ol the 
alimentary canal prior to the stomach and includes buccal, sublingual, oropharyngeal and oesophageal absorption. 

n [0010] The potential tor the pre*gastnc adsorption ol compositions containing MAO-E inhibitors can be assessec 
usino the method'described for selegiline in Example 3 below. "This test is similar to the "buccal absorption test" which 
is said by Harris and Robinson in a review anicie (J. Pharm. Sci.. 1992. vol 61 . p V 10) to be a well recognised method 
lor evaluatino buccal absorption of orucs. 1 hus. the test formulation containing the clinically ehective dose ol the MAO-E 
inhibitor is retained in the mouth tor i minute before it is expectorated. "The mouth is then rinsed with 3 aliouots ot 25 

<c ml ot water which are similarly'expeciorated. 1 he total amount of MAO-B inhibitor is then Determined in the expectorated 
mouth washings, using a suitable analytical technique such as HPLC. and the recovered Quantity of MAO-B inhibitor 
is subtracted from the total amount of drug initially placed in the mouth to determine the total amount of drug which 
has been absorbed pre-gastrically. For significant buccal absorption to have occurreo it is generally prelerred thai at 
least 5Ve of the MAO-B inhibitor has been absorbed in 1 minute in this test, more prelerably that at least 10% has been • 

7t absorbed in 1 minute and most preferably at least 15% of the MAO-B inhibitor has been absorbed in 1 minute. 

|0011] It is envisaged that such pre-gastric absorption will occur primarily across the mucous membranes in the 
mouth, pharynx and oesophagus. Accordingly, it is preferred that the composition of the invention is formulated to • 
promote absorption of the active ingredient through the buccal, sublingual, pharyngeal and/or oesophageal mucous 
membranes. 

30 [0012] It is therefore preferred that the composition of the invention should be in a lorm which sustains the active 
inared'^nt in contact with the buccal, sublingual, pharyngeal and/or oesophageal mucous membranes. 
iuu13j Clinical studies have shown that up to 82% of patients with Parkinson's disease have swallowing. difficulties 
. and many such patients tend to dribble. Accordingly, of the dosage forms listed above, fast-dispersing dosage torn:s 
are useo since they will disintegrate rapidly in the mouth thereby minimising the above problems. It is therefore antic - 

jt ipated that such fast-dispersing oosage forms will be easier for patients to take and easier lor carers to administer. 

[0014] One example of a fast-dispersing dosage form is described in U.S. Patent No. 4855326 in which a melt spin- 
nable carrier agent, such as sugar, is combined with an'active ingredient and the resulting mixture spun into a "candy- 
floss" preparation. The spun "candy-floss" product is then compressed into a rapidly dispersing, highly porous solid 
dosage form. ' 

<o [0015] U.S. Patent No. 5120549 discloses a fast-dispersing matrix system which is prepared by first solidifying a 
matrix-forming system dispersed in a first solvent and subsequently contacting the solidified matrix with a second 
solvent that is substantially miscible with the first solvent at a temperature lower than the solidification point of the first 
solvent, the matrix-forming elements and active ingredient being substantially insoluble in the second solvent, whereby 
the first solvent is substantially removed resulting in a fast-dispersing matrix. 

*i [0016] U.S. Patent No. 5079018 discloses a fast-dispersing dosage torm which comprises a porous skeletal structure 
of a water soluble, hydratable gel or foam forming material that has been hydrated with water, rigidified in the hydrated 
state with a rigidifying agent and dehydrated with a liquid organic solvent at a temperature of about 0°C or below to 
leave spaces in place of hydration liquid. 

[0017] Published International Application No. WO 93/12769 (PCT/JP93/01631) describes fast-dispersing dosage 
50 forms of very low density formed by gelling, with. agar, aqueous systems containing the matrix-lorming elements and 
active inaredient. and then removing water by forced air or vacuum drying. 

[0018] U.S. Patent No. 5298261 discloses fast-dispersing dosage forms which comprise a partially collapsed matrix 
network that has, been vacuum-dried above the collapse temperature of the matrix. However, the matrix is preferably 
at least partially dried below the equilibrium freezing point of the matrix. 
it [0019] Published International Application No. WO 91/047,57 (PCT/US90/05206) discloses fast-dispersing dosage 
forms which contain an effervescent disintegration agent designed to effervesce on contact with saliva to provide rapid 
disintegration of the dosage form and dispersion of the active ingredient in the oral cavity. 

[0020] The term "fast-dispersing dosage form" therefore encompasses all the types ot dosage form described in the 
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'>'^^w prelerrec thai the iasi-cispef sing dosage form is ^^Btype oescribeo 
ilic^^t-dispersing dosaoe torm comprising a network ot m^active inaredient 



pi eceding paragraphs. Howevei. ii is panij 

in U.K. Faient No. 1548022. that 15. a solic^Ti-dispersing dosaoe torm comprising a network ot {Elective ingredient 
and a water-soluble or water-oispersibie earner which is inert towaros the active ingredient, the network having been 
obtained by subliming solvent Irom a composition in the solid state, that composition comprising the active ingredient • 
and a solution ol the carrier in a solvent. 

J0021] It is preterred that the composition ol the invention disintegrates within 1 to 10 seconds, paniculary 2 to E 
seconds, ol being placed in the oral cavity. 

|0022] in the case ot the preienec type ot last-dispersing dosage iorm oescr.ibed above, the composition will pret- 
erably contain, in addition to the active mgieaient. matri> lorming agents and secondary components. Matrix forming 
agents suitable lor use in the present invention include materials derived trom animal or vegetable proteins, such as 
the gelatins. oextrins ana soy. wheat ano psyllium seed proteins; cums such as acacia, guar, agar, ana xanthan; 
polysacchariaes: alginates: carooymethyicelluioses; carrageenans: dextrans; pectins: synthetic polymers such as 
poiyvinyipyrroiioone: anc poiypepiiae/protein or poiysacchariae complexes such as gelatin-acacia complexes. 
(0023] Other matrix lorming agents suitable lor use in the present invention include sugars such as mannitol, dex- 
trose, lactose, galactose and trehalose: cyclic sugars such as cycloaextrin; inorganic salts such assodium phosphate, 
sodium chloride and aluminium silicates; and amino acids having trom 7 to 12 carbon atoms such as a glycine. L- 
aianine. L-aspanic acid. L-glutamic acid! L-hydroxyproline. L-isoieucine. L-leucine and L-phenylalanine. 
(0024] One or more matrix torrmng agents may be incorporated into the solution or suspension prior to solidification. 
The matrix forming agent may be present in addition to a surlactant or to the exclusion ol a surfactant. In addition to 
lorming the matrix, the matrix lorming agent may aid in maintaining the dispersion ol any active ingredient within the 
solution or suspension. 7 his is especially helpful in the case ot active agents that are not sufficiently soluble in water 
and must, therefore, be suspenoed rather than dissolved. 

[0025] Secondary components such as preservatives, antioxidants, surfactants, viscosity enhancers; colouring 
agents. Ilavouring agents. pH modifiers, sweeteners or taste-masking agents may also be incorporated into the com- 
position. Suitable colouring agents induce red. black and yellow iron oxides and FD & C dyes such as FD & C blue 
No. 2 and FD & C red No. 40 available from Ellis & Everard. Suitable flavouring agents include mint, raspberry, liquorice, 
orange, lemon, grapefruit, caramel, vanilla, cherry and grape flavours ano combinations of these. Suitable pH modifiers 
include citric acid, tartaric acid, phosphoric acid, hydrochloric acid and maleic acid. Suitable sweeteners include as- 
partame, acesulfame K and thaumatin. Suitable taste-masking agents include sodium bicarbonate, ion-exchange res- 
ins, cyclodextrin inclusion compounds, adsorbates or microencapsulated actives. 

[0026] Preferred compositions in accordance with this invention include as the active MAO-B inhibitor a compound 
of the oeneral formula: 



CH — CH— N— C HLC SCH 



' T ) 

or an acid addition salt thereof, in which X represents a hydrogen atom or, preferably, a methyl group and Y represents 
a fluorine or. preferably, a hyorogen atom. It is particularly preterred that X is methyl and Y is hydrogen i.e. that the • 
active MAO-B inhibitor is selegiline. 

[0027] Selegiline or para-fluoroselegiline which is absorbed by pre-gastric absorption trom a composition in* accord- 
<i ance with this invention passes straight into the systemic circulatory system thereby avoiding first pass metabolism in 

the liver. Accordingly, the initial rapid production of unwanted metabolites is reduced and the bioavailability of active 

selegiline or para-fluoroselegiline is increased. This results in a number of advantages. For instance, the increased 

bioavailability ot active selegiline or para-fluoroselegiline means that the dose ot selegiline or para-fluoroselegiline may . 

be reduced whilst still producing the oesired beneficial eftect. This will result in a further decrease in the production of 
50 unwanted metabolites and. in the case of selegiline, a corresponding reduction in the stimulatory effect of metham- 

phetamine and amphetamine on the central nervous system and heart. Consequently, no restrictions on dose timing 

are required for the compositions of the invention. 

[0028] In the case of selegiline and its analogues of formula I above, the active ingredient preferably is present in 
the composition in an amount of trom 1 to 30%, more preferably 1 to 20%. by weight of the composition. It is also 
tt preferred that the active ingredient is present in the composition in an amount of trom 0.25 to 30 mg. more preferably 
0.5 to 10 mg and, especially, 1 to 5 mg. 

[0029] In the case of other MAO-B inhibitors these also will be present in concentrations which are clinically effective. 
[0030] According to another aspect of the invention there is provided a process for preparing a pharmaceutical com- 
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position as oelinec above which compris^^^ngmc a earner into association with the MAO-E tr^^^nc active ingre- 
dient. 

|0031] The invention also provioes. m a lunher aspect, a composition as defined above lor use in the treatment ol 
Parkinson's disease. 

|0032] As mentioned above, selegiline and para-lluoroselegilme are both inhibitors ot monoamine oxidase E. The 
preferred substrate tor monoamine oxidase B is phenylethylamine. a chemical which occurs naturally in the brain. 
Phenylethylamine is structurally very closely related to amphetamine and recent studes have indicateo that phe- 
nylethylamine may act as a neuromodulator promoting; elevation of mood. Indeed, this »s Dome out by the tact that 
patients suffering Irom' depression have been lound to have' sub-normal levels' ot phenylethylamine in the bram. 
(0033] In view of this, it has been suggested that monoamine 0>icase B inhibitors, such as selegiline, may be usetul 
in the treatment of Depression since inhibition ot monoamine oxicase B will result in increased levels ol phenylethyl- 
amine. However, in practice, it has generally been lound that high doses, typically 30-60mo per oay lor long periods 
(e.o. 6 weeks), of. selegiline are reouired to elevate the mood ot oepresseo patients. Such high doses are associated 
with non-specific inhibition of both monoamine o>iaase A anc monoamine oxidase B. selective inhibition of monoamine 
oxidase B being a feature ot low doses (lOmg or less) ol selegiline. Although monoamine oxidase A has very little 
effect on the metabolism of phenylethylamine. it has been suggested that inhibition' of monoamine oxidase A may 
produce an anti-oepressant ertect by inhibiting ceamination ol norepinephrine and 5-nyorox ytry ptarnine (serotonin), 
deficits of which are also associated with depression. However, inhibition of monoamine oxicase A can produce un- 
desirable cardiovascular eflects and tyramine-induced hypertensive crisis (the so-called "cheese effect"). Accordingly, 
the use of such high doses of selegiline or other MAO-E inhibitors to combat depression is clearly tar from ideal. 
[0034] As an alternative, it has been proposed to administer a lower dose of selegiline OOmg) in conjunction with 
phenylalanine (250mg). which is the dietary precursor of phenylethylamine. In this combination, selegiline inhibits the 
production pt monoamine oxidase B thereby inhibiting the oeamination of phenylethylamine and phenylalanine stim- 
ulates phenylethylamine synthesis. This results in increased levels of phenylethylamine m the brain and therefore ' 
concomitant elevation of mood. However, two agents need to be given and the onset of the anti-depressant eflect is 
Still slow. ' 
[0035] To date, no studies have shown consistent anti-depressant activity using low doses of selegiline alone. How- 1 
ever, it has now been found that, if selegiline or. by implication, other MAO-B inhibiting compound is'formulated in a 
composition according to the present invention, an increase in the amount ot phenylethylamine occurs in the body and 
thereby a good anti-depressant effect may be achieved at dose levels associated with selective inhibition of monoamine 
oxidase B. Moreover, an earlier onset of eflect is likely to be achieved than with existing formulations and. in the case 
of selegiline, the low dose levels result in lower levels of unwanted metabolites and therefore a reduction in their 
associated side eflects. , 

[0036] According to another aspect of the invention there is therefore provided the use of a composition as defined ' 
above for the manufacture of a medicament for the treatment and/or prophylaxis of depression. 

[0037] Recent studies have also shown that selegiline and other MAO-B inhibitors have a positive eflect in the treat- 
ment and/or prophylaxis of Alzheimer's disease since this.condition is also associated with a marked increase in levels 
of monoamine oxidase B in the brain when compared with age-matched controls. Accordingly, since formulation of 
selegiline and. by implication, other MAO-B inhibitors in a composition according to the present invention has been 
shown to increase bioavailability of the active ingredient, such compositions may be especially effective in the treatment 
and/or prophylaxis of Alzheimer's disease whilst minimising unwanted metabolites and associated side eflects. 
(0038] According to a further aspect of the invention there is therefore provided the use of a composition as defined ■ 
above for the manufacture of a medicament for the treatment and/or prophylaxis of Alzheimer's disease. 
[0039] Since it is well-known that demented patients with Alzheimer's disease may not comply with their treatment 
reaimen. may be uncooperative and even spit out tablets, the fast-dispersing dosage forms ot the invention are par- 
ticularly useful since, not only will they disintegrate rapidly in the mouth thereby reducing the opportunity for ejection 
of the complete dosage form, but it has also been established that a significant portion of the active ingredient is 
absorbed into the body from this dosage form even if a portion is expectorated. 
(0040] The invention is further illustrated by the following examples. 

Example 1 

Preparation of a tasl-dispersing dosage form of selegiline 
(a) Preparation of selegiline hydrochloride 2.0% dispersion . 

[0041] Gelatin (720g) and mannitol (540g) were dispersed in a portion of purified water ( 15. 73kg)by mixing thoroughly 
in the bowl of a vacuum mixer. The remaining water ( 1 .5 litres) was added under vacuum while mixing using an anchor 
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stirrer. 1 he mix was then heated to 4 0 C C and homogenised tor ten minutes. The mi> was c^H down to room 

temperature. When cooleo. a 4 500a ponfij^the mi> was removed into a stainless steel vessel^ir glycine (360g). 
aspartame (90g). grapefruit flavour (5<g). Opatint yellow (54g). citric acid (90o) and selegiline hydrochloride <360o) 
were then aooed seauenlially to this portion while homogenising using a bench top homogeniser. The remainder ot 
the mi> was transferred into a second stainless steel vessel. The mix was homogenised for ten minutes using a bench 
top mixer to dissolve the drug. Once dispersion of the colouring agent was complete, the homogenised ponion of the 
m»> in the first vessel was returnee to the mi>er bowl together with the mix from the second vessel. The combinec 
rpixes were ihen mi>ed tor at leas: 20 minutes. T he bulk dispersion was then homogenised to ensure that mixing was 
complete. 

(b) Preparanon of selegiline hydrochloride 5mc units 

(0.042) 250mg of the selegiline hydrochloride 2.0% dispersion formed in (a) above was dosed into each one ot a 
series of pre formed blister pockets having a pocket diameter of .12 mm. The blister laminate comprised 200pm PVO 
30um PE/PVDC pOg per square metre. The product was frozen immediately in a liquid nitrogen freeze tunnel. The 
frozen product was then stored below - 20'C tor a minimum of 24 hours prior to Ireeze-orying in a freeze drier using 
a drying temperature of * 20 C C and a chamber pressure of 0.5 mbar. the treeze-dried units were then inspected lor 
the presence of critical defects and the remainoer of the batch sealed with lidding loil consisting ot a paper/toil laminate 
(20um aluminium). Each blister was then coded with a batch number and overwrapped in a preformed sache\by placing 
the blister in the sachet and sealing the open end ot the sachet completely. Each sachet was then labelled with the 
product name, batch number, date of manufacture and suppliers name. 
|0043] Each unit dosage form had the following composition: 



Ingredient 


Weight (mg) 


% by wt of composition 


Purified Water USP/EF* 


218.500 


67.4 


Selegiline Hydrochloride 


.5.000 


2.0 


Gelatin EP/USNF 


10.000 


4.0 , 


Mannitol BP/USP 


7.500 


3.0 


Aspartame EP/USN 


1.250 


0.5 


Grapefruit Flavour 502.106VA 


0.750 


0.3 


Glycine USP 


5.000 


■ ' 2.0 


Citric Acid EP/USP 


1.250 


0.5 


Opatint AD-22901 yellow- 


0.750 


0.3 




250.000 


100.0 



* Signifies removed curing the lyophitisaiion process. 



Example 7 

Comparative pharmacokinetic study 

[0044] The aim of this experiment was to compare the bioavailability of the selegiline hydrochloride formulation ot 
Example 1 with the commercially available tablet formulation of selegiline hydrochloride sold under the registered Trade 
Mark "Movergan" by Asta Medica AG. Weismullerstrasse 45, 6000 Frankfurt am Main. Germany. 
[0045] An open label, randomised, 2-way crossover, volunteer study was performed as follows. Twenty four subjects 
of either sex, aged between 45 and 71 years, giving written informed consent underwent a thorough medical exami- 
nation to establish their fitness to participate in the study. Subjects received study treatment in the order dictated by a . 
predetermined randomisation schedule. Subjects were given either the formulation of Example 1 or the "Movergan" 
formulation. Blood samples for determination of pharmacokinetic parameters were taken at baseline (immediately 
before drug administration), then after 0.25. 0.5, 0.75, 1, 1.5, 2, 2.5, 3. 4, 5, 6, 8. 10, 12. 24, 48, 72 and 96 hours. The 
study procedures were repeated two weeks later, when subjects were crossed-over to receive their second drug ad- 
ministration. Selegiline hydrochloride was administered as single lOrng doses (made up from 2 x 5 mg tablets) of the 
formulation of Example 1 or of the "Movergan" formulation. 

[0046] Assays were performed to determine the concentrations of selegiline. N-desmethylselegiline, methamphet- 
amine and amphetamine in each of the blood plasma samples. The following pharmacokinetic parameters were de- 
termined for all four analysed substances: bioavailability (as measured as the area under the curve (AUC) of the drug 
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concentrations/lime plot). Cma> line ma;^^^. plasma concentration achievec and lma> (the ^^ppoini £ whicr 
Cma> was observed). 

|0047] The results are shown in graphical form in Figures 1 to 4 where each hgure is e plot of the concentration of 
a specific compound in a blooo plasma sample versus the lime at which the sample was taken lor the formulation ot 
Example 1 (Example 1) and the tablet tormuiation sold unoer the registered Trade Mark "Movergan" (Movergan). In 
Figure 1, the specific compouno »s selegiline. In Figure 2. the specific compound is N-oesmeihy Iselegiline. In Figure 
3. the specific compound is methamphetamme. In Figure 4. the specific compouno is amphetamine. 
(0046] The results areshown in numerical torm in Table 1 below.'ln this table. the references tc N-desmethylselegiline. 
methamphetamine and amphetamine are to the L-(-)- isomers ot these compounci 

"TABLE 1 





| Selegiline 


| N-desmethyiselegiiine 


Methamphetamme 


Amphetamine ! 


AUC 


! ! 


i 


Example 1 


6.9:- 


36.56 


215.43 


104.85 j 


Movergan . 


o.e:- 


I ,35.60 


• 234.91 


106.01 j 






! 


i 


Cma> 






: ' 1 


Example 1 


5.17 


14.47 


6.90 


i 3.01 | 


Move,rgan 


0.86 


17.36 


10.59 


j 3.M | 






i '• i 


"Imax 








Example 1 


0.33 


0.71 


2.40 


! 5.40 


Movergan 


0.56 


0.72 


2.16 


| ' 4.16 








i 

I 


Key 


AUC 


Area under the plasma concentration-time curve (ng.h/ml) 




Cma> 


Maximum plasma concentration (ng/ml) 




1 ma> 


Time to maximum plasma concentration (h) 



(0049} From Figure '1 to 4 and Table. 1, it is apparent that the bioavailability ot selegiline from the formulation of 
Example 1 is more than eight times that of selegiline .from, the "Movergan" formulation despite the. fact that both for- . 
mulations contained the same amount of active ingredient. Also, the bioavailability ot N-desmethylselegiline is very 
similar for both formulations. The bioavailabilities of methamphetamine and amphetamine, whiich are known- not to 
contribute to the therapeutic effect, are very similar for Example 1 and the "Movergan" formulation. However, in view 
of the much greater bioavailability of selegiline from the formulation of Example 1, it is envisaged that the dose of 
selegiline coutd be significantly reduced thereby significantly reducing the quantity of unwanted central nervous system ' 
and cardiac stimulant metabolites and undesired side-effects caused by them whilst still achieving the desired levels 
of selegiline in plasma and hence the desired therapeutic effect associated with monoamine oxidase B inhibition. 
[0050] In Table 1 . the ratio of the area under the plasma concentration-time curve (AUC) tor selegiline and the AUC 
tor N-desmethylselegiline was 0.0233 for the "Movergan" formulation, indicating clearly the extensive metabolism of 
selegiline when administered in an existing dosage form. The corresponding AUC ratio for Example 1 in Table 1 was 
0.1894. This demonstrates that pre-gastric absorption of selegiline results in a greater proportion of the administered 
dose being absorbed in the unmetabolised form. It demonstrates further that the selegiline:N-des methylselegillne AUC 
ratio can be used as another indicator of the degree of pre-gastric absorption in selegiline-containing compositions in 
accoroance with this invention. It is generally preferred that the ratio of the selegiline AUC to the M-desmethylselegiline 
AUC should be greater than 0.05. more preferably greater than 0.075 and most preferably greater than 0.10. 

Example 3 

Pre-gastric Absorption Study 

[0051] The aim of this study was to assess the sublingual absorption of selegiline hydrochloride formulations pro- 
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aucea according to E >ampie 1 . 1 he pnarm^^^ieiic profile ot selegiline hydrochloride trom the con^^kcially available 
US table) tor mulation sole unaet the teci^ff, tracemark "E loepryl" by Somerset Pharmaceut ic^^lnc. 777 South 
Harbour Island Boulevard, Suite 660. Tampa. Florida 33602. serveG as a control tor the degree ol gastro-intestinal 
absorption ol selegiline, in addition, the stuoy was designed to compare the urinary excretion over 24 hours ol phe- 
nylethylamme and 5-hyoro> yindoleacetic acid (5-HIAA) trom the subjects to whom such lormulatio ns had been admin- 
istered. 

|0052] This study was an open-label randomised 3- way crossover volunteer study and was periormec as follows: 
f 0053] Eleven subjects ol either se> apec between 45 and 62 years giving written informed consent underwent a 
thorough medical examination to establish their titness to participate in the study. Subjects received each ot the following 
treatments in the oroer dictated by a pre-determined randomisation schedule:- 

1) 2 x 5mg Eldepryl tablets taken with 150ml water (Eldepryl OOmc)) 

2) 2 x 5mg selegiline tablets prooucec accoroino to .Example 1 kept in the mouth tor 1 minute and then e>pectorated 
and the mouth rinseG with 3 x 25ml water and then expectorated (Example 1 (2.96mg)) 

3) 2 x 5mp selegiline tablets procuced according to Example 1 kept in the mouth lor 1 minute and then swallowed 
(Example 1 <1.0mg)). 

i 

[0054] Blood samples tor determination of pharmacokinetic parameters were taken at baseline (immediately belore 
drug administration) and then aher 0.06. 0.16. 0.25. 0.5. 0.75, 1 . 1.5. 2. 3.4.6 ano 12 hours. Urine samples were taken 
immediately belore drug administration and during the periods 0-2 hours, 2-^ iiours. 4-6 hours. ©-12 hours and 12-24 
hours. • 

[0055] Assays were periormec to determine the concentration ot selegiline in each ot the blood plasma and urine 
samples and the concentration ot phenylethylamine and 5-hydroxyindoleacetic acid (5HIAA) wss measured in each 
ot the urine samples. Selegiline was also measured in saliva and mouth washings. 

(0056] Phenylethylamine is the preterred substrate lor monoamine oxidase B (MAO-B) and cons equently its excretion 
has been shown to rise when MAO-B is inhibited. 5HIAA is a breakdown product formed by the action ot MAO-A on 
5-hydroxytryptamine (serotonin). When MAO-A is inhibited, the 5HIAA level excreted has been shown to decline. 
[0057] The results trom the study are shown in graphical. form in Figures 5. 6 and 7. When the tablets produced 
according to Example 1 were kept in the mouth tor 1 minute and the saliva expectorated, an av/erage concentration 
equivalent to 7.04mg selegiline hydrochloride was, measured in the mouth washings. Thus an average of 2.96mg 
selegiline hydrochloride was absorbed pregastrically with this treatment. Subjects therefore rece ived 2.96mg or 10mg 
of selegiline hydrochloride trom the lOmg formulation produced according to claim 1 and 10m g selegiline trom the 
Eldepryl formulation. Figure 5 is a plot of concentration of selegiline in a blood plasma sample versus the time at which 
the sample was taken for both expectorated and swallowed formulations produced according to Example 1 (Example 
1 (equivalent lb2.96mg) and Example 1 (lOmg) respectively) and .the lOmg tablet formulation sold under the registered 
Trade Mark "Eldepryf". Figure 6 shows the cumulative 5-hydroxyindoleacetic acid excretion in urine over 24 hours. ' 
Figure 7 shows the cumulative phenylethylamine excretion in urine over 24 hours. 

[0058] From Figure 5. it is apparent that the bioavailability of selegiline trom both -the 2.96mg <expectorated) equiv- 
alent and 10mg (swallowed) doses produced according to Example 1 is much greater than that of selegiline from the 
"Eldepryl" formulation despite the fact that one formulation'(Example 1 (lOmg "swallowed")) con,ta i ned the same amount 
of active ingredient as the. "Eldepryl" formulation and the expectorated treatment contained less than one third of the 
amount of active ingredient as the "Eldepryl" formulation. Moreover, it is apparent trom Figure 7 that this enhanced 
bioavailability is associated with a dose-related increase in the urinary excretion of phenylethylamine. This was an 
unexpected result as increased phenylethylamine excretion is caused by inhibition of monoamine oxidase B and it was 
hitherto believed that 10mg of selegiline in standard tablet form (i.e. "Eldepryl") would be suffici ent .to cause maximal 
inhibition of monoamine oxidase B during the first 24 hours. In addition, the higher rate of excretio n of phenylethylamine 
in Figure 7 for Example 1 (10mg "swallowed") and Example 1 (2.96mg "expectorated") than for the "Eldepryl" formu- 
lation indicates a faster rate ot monoamine oxidase B inhibition than with the former compositions and consequently 
a possible earlier alleviation of symptoms of Parkinson's disease, Alzheimer's disease and depressed mood than for 
the "Eldepryl" formulation. 

[0059] Lack of inhibition of monoamine oxidase A by the Example 1 (10mg "swallowed") and Example 1 (2.96mg 
"expectorated") treatments was confirmed by analysis of the urine samples for concentratidn of S-hydroxyindoleacetic 
acid, which is the metabolite of 5-hydroxytryptamine (serotonin) which is a principal substrate tor monoamine oxidase 
A (see Figure 6). Urinary concentrations of 5-hydroxyindoleacetic acid were similar tor the Example 1 (10mg "swal- 
lowed"). Example 1 (2.96mg "expectorated") and the standard "Eldepryl" tablet formulations, showing that the selegiline 
formulations produced according to Example 1 did not cause greater MAO-A inhibition than standard tablets despite 
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me much increaseo selegiline biosvsiisb^^^ 

|0060) Once acam, in view ol the oreeWKoavailability ol selegiline trom the Example *i HOn^; swallowed") and 
Example 1 (2.96mc , e>pectoraied") formulations, it is envisaged thai the dose bl selegiline could be significantly re- 
duced thereby significantly reducing the Quantity ol unoesueo metabolites with their associated side etlects whilst still 
achieving the deseed therapeutic ettects associated with inhibition ol monoamine oxioase E. 

[0061] The following examples further exemplify formulations which can be prepared using the process described 
in Example 1 which will promote pre-gastric absorption ot selegiline and dther MAO-E inhibitors: 

Example ^ 

|0062] 



! Ingredient 


Weight (mg) 


% by wt of composition j 


Purified Water EP/USP* 


221.625 


86.ee 


Selegiline Hydrochloride 


5.000 


2.00 


Gelatin EP/USNF 


11.250 


. 4.50 


Mannitol EP/USP 


8.125 


• 3.2e 


Aspaname EP/USNF 


1.250 


0.50 


Grapefruit Flavour 502.1 06/A 


0.750 


0.30 


Citric Acid EP/USP 


1.250 


0.50 


upatint AD-22901 Yellow 


0.750 


0.30 


"Total 


250.000 


100.00 



*S<pnittes removec during ihe lyophihsahon proceti 



Example 5 
(0063] 



Ingredient 


Weight (mg) 


% by wl of composition 


Purified Water EP/USP* 


224.125 


89.65 


Selegiline Hydrochloride 


5.000 


2.00 


Gelatin EP/USNF 


9.375 


3.75 


• Mannitol EP/USP 


7.500 


3.00 


Grapefruit Flavour 502.106/A , 


' ... . 0.7.50.. 




Citric Acid EP/USP 


.1.250 


0.50 


Opatint AD-22901 Yellow 


0.750 


0.30 


Acesulfame K 


1.250 


'0.50 


Total 


■ 250.000 


100.00 



'Signifies removed during Ihe lyophiiisation process 



Example 6 
[0064] 



Ingredient 


Weight (mg) 


% by wt of composition 


Purified Water EP/USP* 


219.500 


87.80 


Selegiline Hydrochloride 


5.000 


2.00 


Gelatin EP/USNF 


10.000 


4.00 


Mannitol EP/USP 


7.500 


3.00 


Aspaname EP/USNF 


'1.000 


0.40 



'Signifies removed during Ihe lyophilisalion process 



i_r u o i •* t o a d i 



0 


(continued) 




Inaieaien: 


Weight (mg) 


% by wt of composition j 


Glycine USF 


2.500 


1.00 


Citric Acid EP/USF- 


1.250 


0.50 


Opatint AD-22901 Yellow 


0.750 


0.30 


Lemon Lime 59.15/AF 


2.500 


1.00 


' Total 


250.000 


'100.00 
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Example 7 
[0065] 



Ingredien; 


Weight (mg) 


% by wt ot composition' 


Purified Water EP/USP' 


223.625 ' 


, 69.41 


Selegiline Hydrochlorioc 


5.000 


' 2.00 


Gelatin EP/USNF 


10.000 


4.00 


Mannitol EP/USP 


7.500 


3.00 


Aspaname EP/USNF 


0.750 


0.30 


Grapefruit Flavour 502.106/A 


0.750 


0.30 


' Citric Acid EP/USP 


1.250 


0.50 


Opatint AD-22901 Yellow 


0.750 


0.30 


Sodium Methyl Parabens EP/USNF 


0.250 


■ 0.10 


. Sodium Propyl Parabens EP/USNF 


0.125 


0.05 


Total 


250.000 


100.00' 



'Sionifies removed Ourinc ihe lyophiiisacion process 

30 

Example 6 



[0066] 



<J5 



Ingredient 


Weight (mg) 


% by wt of composition 


Purified Water EP/USP* 


' . 219.1.25 .. 


87.ee 


Selegiline Hydrochloride 


5.000 


■ ■ 2.00 


Gelatin EP/USNF 


10.625 


4.25 


Mannitol EP/USP 


6.875 


2.75 


Aspartame EP/USNF 


1.250 


0.50 


Glycine USP 


5.000 


2.00 


Grapefruit Flavour 502.106/A 


0.750 


0.30 


Citric Acid EP/USP 


0.625 


0.25 


Opatint AD-22901 Yellow 


0.750 


0.30 


Total 


250.000 


100.00 



'Signifies removefl during Ihe lyophilisaiion process 
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Example 9 



[0067] 
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EP Claims: 



A pharmaceutical composition for oral . administration comprising a carrier and, as an 
active ingredient) a monoamine oxidase B inhibitor, characterised - in that the composition 
is in a solid fast-dispersing dosage form designed rapidly to release the active ingredient in 
the oral cavity so as to promote pre-gastric absorption of said monoamine oxidase B 
inhibitor. 

i 

A composition according to Claim 1, in which the monoamine oxidase B, inhibitor is 
selected from mofegiline, rasagiline, lazabemide, 2-BUMP, M-2-PP, MDL-721 45, . 
compounds of the general formula: 



<0H 



X 

CH-N-CH^CECH 

CH 3 



in which X represents a hvdrogen atom or a methyl group and Y represents a fluorine 
or hvdrogen atom, and pharmaceutical!)' acceptable salts of said monoamine oxidase B 
inhibitors. 

A composition according to Claim '2; in which said monoamine oxidase B inhibitor is a' 
compound of the general formula: 

X 

N-CHC5CH 




CH 3 



in which X and Y are as defined in Claim 2. 

4. A composition according to Claim 3, in which X represents a methyl group and Y 
represents a hydrogen atom. 

5. A composition according .to Claim 3 or Claim 4, in which the active ingredient is 
present in an amount of from 1 to 30% by weight of the composition. 



6. 



A composition according to any one of Claims 3-5. 'in which the active ingredient is 
present in an amount of from 0.25 to 30 mg. 



A composition according to Clnim 4, or Claim 5 or Claim 6 when appendant to Claim 
4, in which the composition is formulated so that the ratio of the area under the 
plasma concentration-time curve for selegiline to that for N -dcsmethylselegiline is 
greater than 0.05. 

A composition according to any preceding Claim in which the solid fast-dispersing 
dosage Iform comprises a network of the active ingredient and a water-soluble or 
water-dispersible carrier which is inert towards the active ingredient, the network 
having been obtained by subliming solvent from a composition in the solid state, that 
composition comprising the active ingredient and a solution of the carrier in a solvent. \ 

s 

A composition according to any preceding Claim,- in which the composition 

i 

disintegrates within 1 to 10 seconds of being placed in the oral cavity. 

A pharmaceutical composition for oral, administration comprising a carrier, and 
selegiline as an active ingredient, characterised in that the composition is in tl?e fprm 
of a solid fast-dispersing dosage form comprising a network of selegiline and a water- 
soluble or water-dispersible carrier, which, is . inert towards selegiline, the. network 
having been obtained by subliming solvent from a composition in the s61id state, that 
composition comprising selegiline and a solution, of the carrier in a solvent. 

A pharmaceutical composition for oral administration comprising selegiline in a solid 
fast-dispersing dosage form which disintegrates within 1 to 10 seconds of being placed 
in the oral cavity. 

A composition as defined in any one of the preceding claims for use in the treatment 
of Parkinson's disease- 
Use of a composition as defined in any one of claims 1 to 1 1 for the manufacture of 
a medicament for the treatment and/or prophylaxis of depression. 



Use of a composition ns defined in any one of claims 1 to 1 1 for the manufacture of 
n medicament for the treatment and/or prophylaxis of Alzheimer's disease. 

Use of a composition as defined in anv one of claims 1 to 1 1 .for the manufacture of 
a medicament for enhancing levels of phenylethylamine in the body. ' 

Use of a composition as defined in anv one of claims 1 to 11 for the manufacture of 

'< 

a medicament for the treatment of a disease associated with sub-normal levels of 

•i 

phen vie thyla mine. 

A process for preparing a pharmaceutical composition according to any one of the 
claims 1 to 11 which comprises bringing a carrier into association with said active 
ingredient. 



